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(57) Diameters and the number of respective wires 
are inputted, and a diameter of a virtual wire formed by 
converting a wire bundle to a model through a predeter- 
mined arithmetic expression derived from rule of thumb, 
and based upon this, a flexure life estimating process of 


FIG. 1 


the virtual wire is carried out. It is possible to easily es- 
timate the flexure life and also to estimate the flexure 
life and obtain the results immediately after an applica- 
tion subject and a wire harness to be placed have been 
designed; thus, it becomes possible to shorten the de- 
veloping period. 
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EP 1 236 989 A2 

Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 


[0001] The present invention relates to a wire harness designing method for designing a wire harness that is placed 
on a desired application subject and also to techniques related thereto, and more particularly concerns a wire harness 
flexure life estimating method and techniques related thereto which estimate the flexure life of a wire bundle up to 
disconnection due to repeated bending processes, the wire bundle being formed by binding wires each having a 
conductor line coated with an insulating layer, and used for supplying electric signals and power from' a power supply 
of a car, an industrial apparatus and an electric or electronic apparatus attached thereto. 


Description of the Background Art 


[0002] As conventionally known, many wires or wire bundles, each formed by binding a plurality of wires (in this 
specification, wires and wire bundles are generally referred to as "wire harnesses"), are used in cars and industrial 
apparatuses. Some of wire harnesses are placed at a position, such as a door portion and a seat portion that is 
subjected to bending, and such wire harnesses tend to have disconnection after having received repeated bending 
deformations; therefore, the wire harness needs to be designed by taking its flexure life into consideration 
[0003] Conventionally, for example, wire harnesses of cars have been designed and examined while taking formation 
etc. of cars into consideration on a car manufacturer side (hereinafter, referred to as "manufacturing station") and 
these have been subjected to performance evaluation by using prototypes, and then manufactured 
[0004] In this case, it is difficult to completely take the flexure performance of a wire harness into consideration from 
the initial designing stage. Therefore, in the conventional method, after the stage in which the initial designing has 
been made, a prototype is formed, and in the event of any problem in evaluation tests on this prototype desiqnina 
revisions are carried out and the product is developed. 

[0005] More specifically, Fig. 29 shows a designing sequence of a conventional wire harness. 
[0006] First, as step T1 , a designing plan is formed with respect to a vehicle body as a whole. 
30 [0007] At the next step T2, a designing plan is formed with respect to the wire harness (indicated by "W/H" in Fia 
29) so as to match the vehicle body. y ' 

[0008] Then, at step T3, based upon the wire harness design thus planned at step T2, the wire harness is formed 
on a trial basis. 

[0009] Successively, at step T4, the prototype wire harness is actually bent repeatedly so as to carry out flexure 
evaluation tests. Then, the results of the flexure evaluation tests are examined (step T5). and in the case when required 
flexure endurance is not obtained, a prototype is again formed at step T3 : and the flexure evaluation tests (step T4) 
and the examinations of the results (step T5) are repeatedly carried out until the required flexure endurance has been 
obtained; thus, at the time when positive examination results have been finally obtained, the correspondinq mass 
production is started (step T6). y 
40 [0010] In recent years, there have been strong demands for shortened developing periods and elimination of proto- 
types in the entire automobile field, and there also have been demands for improvements in the sequence of conven- 
tional jobs for manufacturing prototypes (step T3) and for executing flexure evaluation tests (steps T4 T5) 
[0011] Moreover, in general, wire bundles, which are bridged over a door and the body of a car, are allowed to pass 
through a protective grommet used for the purpose of waterproof and prevention of scratches, and in this state the 
grommet is secured to a hinge portion between the door and the body of the car. In this case, every time the door is 
opened and closed, the wire bundle is repeatedly extended and bent; therefore, ft is important to estimate the flexure 
life of the wire bundle at this portion, in an attempt to manufacture a wire bundle and to select the product in the case 
of an attaching process. 

[0012] Here, it is proposed that in order to estimate what degree of flexure life the wire bundle inside the grommet 
bridged over the door and the hinge portion has, a finite element method (matrix stress analyzing method) is adopted 
[0013] This finite element method is one of simulation techniques which analyze a stress distribution etc of a con- 
tinuous body of a complex structural member by using a computer, and in this method, a structural member serving 
as an analysis subject is divided into finite number of elements by using triangular or rectangular finite element meshes 
and a basic differential equation is set in each element, while a greater simultaneous linear equation (matrix equation) 
is solved so as to allow solutions of the respective elements to have continuity with solutions of the adjacent elements 
[0014] In this finite element method which divides the structural member into finite number of elements by using the 
finite element meshes and carries out analyses thereon as described above, in the case when the wire bundle is 
allowed to pass through the inside of the grommet as described above, since the grommet has a complex structure 
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such as a bellow shape, considerably complex data need to be calculated and processed when the grommet is divided 
into a plurality of elements and subjected to a modeling process so as to apply the respective physical properties to 
each element. Moreover, the subject for estimation of the flexure life is a wire bundle that is a collection of a plurality 
of wire bundles; therefore, when each of the wire bundles is divided into individual elements, and subjected to a mod- 
5 eling process so as to estimate the fiexure life of each element, a great amount of calculation processes are required. 
[0015] As described above, when a wire bundle in a grommet is analyzed by using the finite element method, the 
load of calculation processes imposed on a computer becomes extremely high, resulting in a disadvantage of a lonq 
period of time required for calculations. 

[0016] Moreover, the process for dividing the individual structural members such as the grommet and the respective 

w wires of the wire bundle by using finite element meshes forms an extremely time-consuming process. 

[0017] In general, at low temperatures including cold temperatures, an insulating layer (coating material) such as 
PVC becomes susceptible to cracks (coat cracks) due to fatigue fracture caused by repeated bending processes on 
the insulating layer. Consequently, since the conductor section (core line) at the portion having the crack is more 
susceptible to a local stress, disconnection at low temperatures is mainly controlled by the fatigue fracture in the insu- 

f5 lating layer coating the conductor section . 

[0018] Therefore, the applicant of the present invention has already proposed a method of estimating the flexure life 
of a wire (for example, in Japanese Patent Application No. 1 1 -21 0650: hereinafter, referred to as "proposed example") 
in which, with respect to cracks on the insulating layer of a wire harness at low temperatures, a master curve indicating 
the correlation between the amount of change in strain and the flexure life at the corresponding insulating layer portion 

20 is preliminarily obtained and the flexure life of a wire is estimated by using this master curve. 

[001 9] However, the above-mentioned proposed example is a method for finding the flexure life under states where 
disconnection is mainly caused by cracks on an insulating layer, and the flexure life is found based upon the number 
of bending processes of the insulating layer up to disconnection; therefore, it is difficult for this method to estimate the 
flexure life understates where disconnection occurs in the conductor section (core line) with no cracks being generated 

25 on the insulating layer. For example, at normal temperature, in some cases, the conductor section might have a dis- 
connection prior to the occurrence of a crack on the insulating layer. Moreover, in the case when a halogen-free resin 
material, or PE, etc., is used as an insulating layer, even at low temperatures, the conductor section might have a 
disconnection prior to the occurrence of a crack on the insulating layer. However, the proposed example fails to effec- 
tively estimate the flexure life in the case when the inner conductor section has a disconnection prior to the occurrence 

30 of a crack on the insulating layer at low temperatures. 

SUMMARY OF THE INVENTION 


35 


40 


45 


50 


55 


[0020] According to a first aspect of the present invention, a method of estimating flexure life of a wire harness in 
which, in the case when a wire bundle, formed by binding a plurality of wires each formed by coating a conductor line 
with an insulating layer, is allowed to pass through a predetermined protective tube and secured to an external structural 
member different from the protective tube, the flexure life up to disconnection due to extending and bending processes 
of the wire bundle caused by operations of the external structural member is estimated in accordance with a finite 
element method, is provided with: an initial shape determining step of: using an initial shape of a center line of the wire 
bundle as a substitute for an initial shape of the wire bundle so as to be determined, using an initial shape of a virtual 
pipe having only a margin dimension of a margin space of the protective tube with respect to the wire bundle as an 
inner diameter as a substitute for an initial shape of the protective tube so as to be determined, determining an initial 
shape of a center line of the wire bundle so that the center line of the wire bundle is not limited by two end portions of 
the virtual pipe, and determining an initial shape of the external structural member; an extending and bending operation 
analyzing step of: analyzing extending and bending shapes of the wire bundle and the protective tube by virtually 
estimating operations of the external structural member so as to calculate a change in curvature of the wire bundle; a 
calculation step of an amount of change in strain for calculating an amount of change in strain of the wire bundle that 
is a subject for estimation based upon the change in curvature obtained through the extending and bending operation 
analyzing step; and a collation step of: making a collation on a life estimation curve that is preliminarily set based upon 
the amount of change in strain calculated in the calculation step of an amount of change in strain so as to predict the 
flexure life of the wire bundle. 

[0021] In accordance with this aspect, when a stress of a wire bundle formed by binding a plurality of wires is stress- 
analyzed based upon the finite element method, it is a rule that, originally, three dimensional analyses are carried out 
by using individual wires as discrete infinite elements; however, in the present preferred embodiment, the individual 
wires are not modeled three-dimensionally as discrete structural components, but simplified them into a virtual pseudo- 
single wire so as to determine the entire shape; therefore, in order to calculate the initial shape and the final shape, 
by carrying out modeling and calculations not based upon physical properties derived from the actual construction of 
wire bundle, but based upon the corresponding diameter and bending elasticity of virtual single wire, it becomes pos- 
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s.ble to greatly simplify the physical properties of wire bundle and also to calculate the resulting values Consequently 
it is possible to obtain an estimated value of flexure life that is closely approximated to the actual flexure life Therefore' 
upon calculating an estimated value of flexure life through finite element method (matrix stress analyzing method) by 
using a computer, it becomes possible to reduce the load imposed on the computer, and also to quickly converqe the 
estimated value. s 

[0022J Moreover, upon determining the respective initial shapes of the wire bundle, the protective tube and the ex- 
ternal structural member, first, the initial shape of the center line of the wire bundle is used as a substitute for the initial 
shape of the wire bundle, and the initial shape of a virtual pipe having only a margin dimension of a margin space of 
the protective tube with respect to the wire bundle as an inner diameter is used as a substitute for the initial shape of 
the protective tube; thus, since the initial shape of the center line of the wire bundle is determined so that the center 
line of the wire bundle is not limited by two end portions of the virtual pipe, it is possible to direct a curvature change 
reflecting the actual shape of the wire bundle and consequently to improve the estimation precision of the flexure life 
in comparison with a case in which the shape of the wire bundle is limited so that the center line of the wire bundle is 
allowed to pass through, for example, the center point of each of the two end portions of the virtual pipe 
[0023] In this aspect, preferably, in the extending and bending operation analyzing step, a change in curvature of a 
center line of the wire bundle is used as a substitute for the change in curvature of the wire bundle 
[0024] More preferably, the life estimation curve represents correlation between the amount of change in strain and 
the number of bending processes with respect to a single wire that is obtained by actually measuring the number of 
bend.ng processes up to disconnection by repeatedly bending the single wire with respect to a plurality of amounts of 
change in strain; and in the calculation step of an amount of change in strain, a virtual line member, formed by subiectina 
the respective bending modulus of elasticity of the conductor line and the insulating layer to weighting processes and 
averaging processes by using ratios of cross-sectional areas, is assumed, and on the assumption that the virtual line 
member serves as one of the wires, supposing that the bending radius is R 1 in any one of the wires in the furthest bent 
state at the position that is subjected to the greatest change in bending within an area in which the virtual line member 
is subjected to bending, that the bending radius is R 2 in the single wire in the furthest extended state and that the 
radius of any one of wires that has the greatest difference between the value R, and the value R, is r the amount of 
change in strain (A e) is calculated by the following equation: 

30 Ae = r»(1/R 1 -1/R 2 ) 

[0025] With this arrangement, asingle wire is subjectedto bending processes and the correlation between the amount 
of change in strain and the actual measured values is preliminarily obtained, and with respect to the wire havinq the 
greatest amount of change in strain in the wire bundle serving as a subject for estimation or a virtual single wire formed 
by converting the wire bundle into a single wire model, the amount of change in strain is calculated by the finite element 
method, and the calculated amount of change in strain of the wire bundle to be estimated is collated with the above- 
mentioned correlation so thatthe flexure life of the wire bundle serving as a subject for estimation is estimated; therefore 
independent of product conditions of the wire bundle, it becomes possible to accurately estimate the flexure life ' 
[0026] According to a second aspect of the present invention, the method of estimating flexure life of a wire harness 
wh.ch includes a wire having at least a center conductor line in the center thereof with strands twisted on the periphery 
of the center conductor line, and has a function for estimating flexure life up to disconnection of the wire due to bendina 
and extending processes, is provided with the steps of: preliminarily obtaining a correlation between an amount of 
change in strain of a single wire that is made of the same material as the center conductor line and actual measured 
values of flexure life; calculating the greatest amount of change in strain of the center conductor line of a wire setvinq 
as a subject for the estimation; and estimating flexure life of the wire by collating the calculated greatest amount of 
change in strain of the center conductor line with the correlation. 

[0027] According to a third aspect of the present invention, the method of estimating flexure life of a wire harness 
which includes a wire bundle formed by binding a plurality of wires, each having a central conductor line in the center 
thereof, and has a function for estimating flexure life up to disconnection of the wire bundle, is provided with the steps 
of: preliminarily obtaining a correlation between an amount of change in strain of a single wire that is made of the same 
material as the center conductor line and actual measured values of flexure life; calculating the greatest amount of 
change in strain of the center conductor line of a single wire that is assumed to have the greatest change in curvature 
radius upon being bent among the wires within the wire bundle serving as a subject for the estimation; and estimating 
flexure life of the wire bundle by collating the calculated greatest amount of change in strain of the center conductor 
55 ime of the wire with the correlation. 

[0028] In the second aspect or the third aspect, preferably, in the step of obtaining the correlation, the single wire is 
repeatedly bent with respect to a plurality of amounts of change in strain to actually measure the number of bending 
processes up to disconnection so as to obtain the above-mentioned correlation 
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[0029] More preferably, in the calculation step of the greatest amount of change in strain, supposing that the center 
conductor line has a radius of r, that the bending radius is R 1 in the center conductor line in the furthest bent state at 
the position that is subjected to the greatest change in bending within an area in which the center conductor line is 
subjected to bending, and that the bending radius is R 2 in the center conductor line in the furthest extended state, the 
5 greatest amount of change in strain (A e) is calculated by the following equation: 

Ae = r*(1/R r 1/R 2 ) 

10 [0030] In accordance with the second aspect or the third aspect, upon estimating the flexure life of a wire or a wire 
bundle having at least a center conductor line in the center up to disconnection due to bending applied thereto, first 
the correlation between an amount of change in strain of a single wire and actual measured values of flexure life is 
preliminarily obtained, and the greatest amount of change in strain is collated with the correlation so that flexure life of 
the wire or the wire bundle is estimated. Therefore, in particular, in the case when the conductor section serving as a 

15 core line is susceptible to disconnection prior to cracks occurring in an insulating layer serving as a coating material 
it is possible to easily estimate the flexure life. 

[0031] In this case, in either of a wire having a plurality of core lines and a wire bundle, only the flexure life of any 
one of the center conductor lines is estimated without the necessity of estimating the flexure life of all the core lines; 
therefore, in the case when the flexure life is estimated in a computer analyzing process, etc. , by using a finite element 
20 method, it becomes possible to greatly reduce the computer calculation processing load such as setting of the finite 
element model and calculations of the greatest amount of change in strain. 

[0032] According to a fourth aspect of the present invention, a wire harness designing method of the present inven- 
tion, which is used for designing a wire harness in which a single or a plurality of wires, each formed by coating a 
conductor line with an insulating layer, are bound and placed on a desired application subject, is provided with- an 
application subject design planning step of planning a design of the application subject as a whole; a wire harness 
design planning step of planning a design of the wire harness so as to fit to the application subject; and a flexure life 
estimating step of, in the case when the wire harness planned in the wire harness design planning step is allowed to 
pass through a predetermined protective tube and secured to an external structural member different from the protective 
tube, estimating flexure life up to disconnection caused by extending and bending processes of the wire harness in 
accordance with a finite element method, and in this arrangement, the flexure life estimating step is provided with: an 
initial shape determining step of; using an initial shape of a center line of the wire harness as a substitute for an initial 
shape of the wire harness so as to be determined, using an initial shape of a virtual pipe having only a margin dimension 
oi a margin space of the protective tube with respect to the wire harness as an inner diameter as a substitute for an 
initial shape ofvthe protective tube so as to be determined, determining an initial shape of a center line of the wire 
harness so thaMhe center line of the wire harness is not limited by two end portions of the virtual pipe, and determining 
an initial shape of the external structural member; an extending and bending operation analyzing step of: analyzing 
extending and bending shapes of the wire harness and the protective tube by virtually estimating operations of the 
external structural member so as to calculate a change in curvature of the wire harness; a calculation step of an amount 
of change in strain for calculating an amount of change in strain of the wire harness that is a subject for estimation 
based upon the change in curvature obtained through the extending and bending operation analyzing step; and a 
collation step of: making a collation on a life estimation curve that is preliminarily set based upon the amount of change 
in strain calculated in the calculation step of an amount of change in strain so as to predict the flexure life of the wire 
harness. 

[0033] According to a fifth aspect of the present invention, a wire harness designing method, which is used for de- 
signing a wire harness in which a single or a plurality of wires, each formed by coating a conductor line with an insulating 
layer, are bound and placed on a desired application subject, is provided with: an application subject design planning 
step of planning a design of the application subject as a whole; a wire harness design planning step of planning a 
design of the wire harness so as to fit to the application subject; and a flexure life estimating step of estimating flexure 
life of the wire harness planned at the wire harness design planning step up to disconnection caused by extending and 
bending processes of the wire harness in accordance with a finite element method, and in this arrangement, the flexure 
life estimating step is provided with: an initial shape determining step of determining an initial shape of the wire harness; 
an extending and bending operation analyzing step of: analyzing extending and bending shapes of the wire harness 
so as to calculate a change in curvature of the wire harness; a calculation step of an amount of change in strain for 
calculating an amount of change in strain of the wire harness that is a subject for estimation based upon the change 
in curvature obtained through the extending and bending operation; and a collation step of: making a collation on a life 
estimation curve that is preliminarily set based upon the amount of change in strain calculated in the calculation step 
of an amount of change in strain so as to predict the flexure life of the wire harness. 

[0034] In accordance with the fourth or fifth aspect, in the flexure life estimation step, the individual wires are not 
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modeled three-dimensionally as discrete structural components, but simplified them into a virtual pseudo-single wire 
so as to determine the entire shape; therefore, in order to calculate the initial shape and the final shape, by carrying 
out modeling and calculations not based upon physical properties derived from the actual construction of wire bundle 
but based upon the corresponding diameter and bending elasticity of the virtual single wire, it becomes possible to 
greatly simplify the physical properties of wire bundle and also to calculate the resulting values. Consequently it is 
possible to obtain an estimated value of flexure life that is closely approximated to the actual flexure life. Therefore 
upon calculating an estimated value of flexure life through finite element method (matrix stress analyzing method) by 
using a computer, it becomes possible to reduce the load imposed on the computer, and also to quickly converqe the 
estimated value. 

[0035] Further, the application subject is designed and planned as a whole (application subject design planning step) 
and the wire harness is designed and planned so as to fit to the application subject (wire harness design planning 
step), and immediately after this, the flexure life estimation process is executed so as to estimate the flexure life so 
that in comparison with the conventional processes in which a very long time such as two or three months is required 
for obtaining the results of evaluation after a production of a prototype of a wire harness and flexure life evaluation 
tests, the present invention makes it possible to greatly reduce the period until the evaluation results have been obtained 
to, for example, two or three days or less than these. 

[0036] Moreover, upon determining the respective initial shapes of the wire bundle, the protective tube and the ex- 
ternal structural member, first, the initial shape of the center line of the wire bundle is used as a substitute for the initial 
shape of the wire bundle, and the initial shape of a virtual pipe having only a margin dimension of a margin space of 
the protective tube with respect to the wire bundle as an inner diameter is used as a substitute for the initial shape of 
the protective tube; thus, since the initial shape of the center line of the wire bundle is determined so that the center 
line of the wire bundle is not limited by two end portions of the virtual pipe, it is possible to direct a curvature change 
reflecting the actual shape of the wire bundle and consequently to improve the estimation precision of the flexure life 
in comparison with a case in which the shape of the wire bundle is limited so that the center line of the wire bundle is 
allowed to pass through, for example, the center point of each of the two end portions of the virtual pipe. 
[0037] In accordance with the fourth or fifth aspect, in the flexure life estimation step, more specifically, the application 
subject design planning step and the wire harness design planning step arc executed by an application subject de- 
signing station for designing and planning the application subject, and the flexure life estimating step is executed by 
a wire manufacturing station for manufacturing the wire harness or the application subject designing station 
[0038] In accordance with this arrangement, the flexure life estimation step can be easily executed by using a com- 
puter by the application subject designing station or the wire manufacturing station; therefore, it becomes possible to 
shorten the wire harness designing and developing period and also to shorten the designing and developing period of 
the application subject as a whole. 

[0039] Preferably, in the extending and bending operation analyzing step in the flexure life estimating step, the change 
in curvature of the center line of the wire bundle is used as a substitute for the change in curvature of the wire bundle 
[0040] More preferably, in the flexure life estimating step, the life estimation curve represents correlation between 
the amount of change in strain and the number of bending processes with respect to a single wire that is obtained by 
actually measuring the number of bending processes up to disconnection by repeatedly bending the single wire with 
respect to a plurality of amounts of change in strain; and in the calculation step of an amount of change in strain in the 
flexure life estimating step, a virtual line member, formed by subjecting the respective bending modulus of elasticity of 
the conductor line and the insulating layer to weighting processes and averaging processes by using ratios of cross- 
sectional areas, is assumed, and on the assumption that the virtual line member serves as one of the wires supposing 
that the bending radius is R, in any one of the wires in the furthest bent state at the position that is subjected to the 
greatest change in bending within an area in which the virtual line member is subjected to bending, that the bending 
radius is R 2 in the single wire in the furthest extended state, and that the radius of any one of wires that has the greatest 
difference between the value R 1 and the value R 2 is r, the amount of change in strain (A e) is calculated by the followinq 
equation: * 

so Ae = r»(1/R r 1/R 2 ) 

[0041] With this arrangement, a single wire is subjectedto bending processes andthe correlation between the amount 
of change in strain and the actual measured values is preliminarily obtained, and with respect to the wire having the 
greatest amount of change in strain in the wire bundle serving as a subject for estimation or a virtual single wire formed 
55 by converting the wire bundle into a single wire model, the amount of change in strain is calculated by the finite element 
method, and the calculated amount of change in strain of the wire bundle to be estimated is collated with the above- 
mentioned correlation so that the flexure life of the wire bundle to be estimated is estimated; therefore independent 
of product conditions of the wire bundle, it becomes possible to accurately estimate the flexure life 


10 


15 


20 


25 


30 


35 


40 


45 


6 


NSDOCID: <EP 1236989A2J_> 


EP 1 236 989 A2 


[0042] More preferably, in the initial shape determining step of the flexure life estimating step, the initial shape of the 
wire harness is determined based upon at least the diameter of the wire harness, with the diameter of the wire harness 
being calculated through a predetermined arithmetic expression based upon the number and diameters of a plurality 
of kinds of wires constituting the wire harness. 

[0043] In accordance with this arrangement, the diameter of the wire harness is calculated through a predetermined 
arithmetic expression based upon the number and diameters of a plurality of kinds of wires constituting the wire harness, 
and based upon the diameter of the wire harness, the initial shape of the wire harness is determined; therefore, the 
operator only needs to input the kinds and the number of wires to a computer so as to obtain the initial shape of the 
wire harness. Thus, the flexure life estimation step can be easily executed by using a computer by the application 
subject designing station or the wire manufacturing station; therefore, it becomes possible to shorten the wire harness 
designing and developing period and also to shorten the designing and developing period of the application subject 
as a whole. 

[0044] More preferably, in the initial shape determining step of the flexure life estimating step, the margin dimension 
is found by subtracting the diameter of the wire harness from the inner diameter of the protective tube, and the diameter 
of the wire harness is calculated through a predetermined arithmetic expression based upon the number and diameters 
of a plurality of kinds of wires constituting the wire harness. 

[0045] In accordance with this arrangement, the diameter of the wire harness is calculated through a predetermined 
arithmetic expression (claim 15) based upon the number and the diameters of a plurality of kinds of wires constituting 
the wire harness, and the margin dimension is found by subtracting the diameter of the above-mentioned wire harness 
from the inner diameter of the protective tube; therefore, the operator only needs to input the kinds and the number of 
wires to a computer so as to obtain the margin dimension. Thus, the flexure life estimation step can be easily executed 
by using a computer by the application subject designing station or the wire manufacturing station; therefore, it becomes 
possible to shorten the wire harness designing and developing period and also to shorten the designing and developing 
period of the application subject as a whole. 

[0046] Preferably, supposing that the respective wires constituting the wire harness have a diameter of d v , that the 
number of the respective wires having the diameter d v is N v , and that a predetermined coefficient is a it the diameter 
D x of the wire harness is calculated by the following equation: 
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[Equation 3] 

Do-{]£ (d v 2 X N V )} 1/2 

v-l 

Dx= J (ai X Do*) 

i-1 

[0047] More preferably, a proglam for allowing a computer to execute the respective steps within the flexure life 
estimating step in order to realize the flexure life estimating step on the computer in a wire harness designing method 
disclosed in any one of these claims 

[0048] One of the objectives of the present invention is to provide a wire harness designing method and techniques 
related thereto which, with respect to designing of a wire harness of cars, eliminate the necessity of carrying out the 
production of prototypes and the flexure evaluation tests, and consequently shorten the developing period of cars. 
[0049] Moreover, another objective of the present invention is to provide a flexure life estimating method of a wire 
harness which, in the case of estimating the flexure life of a wire bundle within a grommet by using a finite element 
method, easily carries out a modeling process, and reduces the calculation processing load of a computer relating to 
the finite element method. 

[0050] The other objective of the present invention is to provide a flexure life estimating method of a wire harness 
that is applied to a case in which at low temperatures, the inner conductor section has a disconnection prior to the 
occurrence of a crack in the insulating layer, and that can estimate the flexure life efficiently. 
[0051] These and other objects, features, aspects and advantages of the present invention will become more ap- 
parent from the following detailed description of the present invention when taken in conjunction with the accompanying 
drawings. 


7 


\JSDOCID: <EP 1236989A2J_> 


15 


EP 1 236 989 A2 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0052] Fig. 1 is a flow chart that shows a processing sequence of a wire harness designing method in accordance 
with a first preferred embodiment of the present invention. 
5 [0053] Fig. 2 is a drawing that shows a wire harness used in a door portion of a car. 

[0054] Fig. 3 is a flow chart that shows a curvature value calculation process in a flexure life estimating process in 
accordance with the first preferred embodiment of the present invention. 

[0055] Fig. 4 is a drawing that shows a state in which respective coordinate positions of a center line of a door panel 
and a body panel of a car in the closed state and a wire bundle are specified. 
10 [0056] Fig. 5 is a drawing that shows a state in which respective coordinate positions of the center line of the door 
panel and the body panel of a car in the opened state and the wire bundle are specified. 
[0057] Fig. 6 is a cross-sectional view that shows the wire bundle and a grommet. 
[0058] Fig. 7 is a cross-sectional view that shows the center line and a virtual pipe of. the wire bundle. 
[0059] Fig. 8 is a drawing that shows a state in which the center line and the virtual pipe are displayed on a virtual 
space. 

[0060] Fig. 9 is a drawing that shows a state in which the door and the body are displayed on a virtual space. 
[0061] Fig. 1 0 is a drawing that shows a state in which the shapes of the center line of the wire bundle and the virtual 
pipe are made to fit to the door and the body. 

[0062] Fig. 11 is a drawing that shows a positional relationship between the center line of the virtual pipe and the 
20 wire bundle in a proposed example. 

[0063] Fig. 12 is a drawing that shows a positional relationship between the center line of the virtual pipe and the 
wire bundle in the proposed example. 

[0064] Fig. 13 is a drawing that shows a positional relationship between the virtual pipe and the center line of the 
wire bundle in accordance with the first preferred embodiment of the present invention. 
25 [0065] Fig. 14 is a drawing that shows a positional relationship between the virtual pipe and the center line of the 
wire bundle in accordance with the first preferred embodiment of the present invention. 

[0066] Fig. 15 is a drawing that shows a state in which the center line of the wire bundle and the virtual pipe are 
joined to the door and the body. 

[0067] Fig. 16 is a drawing that explains an amount of change in strain of a wire. 
30 [0068] Fig. 17 is a flow chart that shows an estimated life outputting step in a wire harness flexure life estimating 
method in accordance with the first preferred embodiment of the present invention. 
[0069] Fig. 1 8 is a drawing that shows a master curve. 

[0070] Fig. 19 is a drawing that shows a state in which master curves are obtained at respective temperatures. 
[0071] Fig. 20 is a drawing that shows a state in which amounts of change in strain, obtained based upon the curvature 
radius calculated in the curvature value calculation step, are fitted to the master curve in the estimated life outputting 
step. 

[0072] Fig. 21 is a drawing that shows a state in which the wire bundle is divided so as to analyze the amount of 
change in strain in accordance with the first preferred embodiment. 

[0073] Fig. 22 is a flow chart that shows a flow chart that shows a wire harness flexure life estimating method in 
40 accordance with a second preferred embodiment of the present invention. 

[0074] Fig. 23 is a drawing that shows a bending test of a single wire that is carried out so as to obtain a master curve 
[0075] Fig. 24 is a drawing that shows a master curve. 

[0076] Fig. 25 is a drawing that shows a state in which a center conductor line is contained in a wire. 
[0077] Fig. 26 is a drawing that shows a state in which data as the results of tests are plotted on the master curve 
45 [0078] Fig. 27 is a drawing that shows a bent state of the wire bundle. 

[0079] Fig. 28 is a flow chart that shows a curvature value calculation step in a flexure life estimating step in accord- 
ance with a fourth preferred embodiment. 

[0080] Fig. 29 is a flow chart that shows a conventional wire harness designing method. 
50 DESCRIPTION OF THE PREFERRED EMBODIMENTS 
{First Preferred Embodiment) 
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[0081 ] Fig. 1 shows a designing method of a wire harness (in this case, wire bundle) in accordance with one preferred 
embodiment of the present invention. In the initial stage of the development and designing of a wire bundle in which 
wire harnesses are arranged on a subject (application subject), this wire harness designing method makes it possible 
to quickly execute estimation of flexure life of the designed wire bundle in accordance with a sequence defined by a 
software program preliminarily stored in a computer. In the following description, a vehicle body is exemplified as an 
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application subject of the wire bundle. 

[0082] First, a designing plan is formed with respect to a vehicle body as a whole serving as an application subject 
of a wire bundle at step U1 (application subject designing and planning process). 

[0083] At the next step U2, a designing plan is formed with respect to a wire bundle (wire harness: represented as 
"W/H" in Fig. 1 ) so as to make it matched to the vehicle body (application subject) (wire-harness designing and planninq 
process). 

[0084] Then, at the next step U3, based upon the design of the wire bundle planned at step U2, the life estimation 
of flexure of the wire bundle is simulated by using a CAE (computer-aided engineering) method, and the results of the 
simulation are readily fed back to step U1 (vehicle body designing plan) and step U2 (wire bundle designing plan). 
[0085] The processes of these steps U1 to U3 are repeated until the required flexure endurance of the wire bundle 
has been obtained, and at the time when positive examination results have been finally obtained, the corresponding 
mass production is started (step U4). 

[0086] Different from a conventional wire-harness (in this case, wire bundle) manufacturing operation in which proc- 
esses such as a manufacturing process of a prototype (step T3 in Fig. 29) and a flexure estimation test (step T3 in 
Fig. 29) that require long time, this method makes it possible to omit these processes. Moreover, conventionally, only 
the manufacturing maker (wire manufacturing station) of wire bundles can carry out the life estimation of flexure that 
is step U3 of the corresponding wire bundle; however, in the present preferred embodiment, since the life estimation 
of flexure is easily carried out by using a computer, even a designing and manufacturing maker (application subject 
designing station) of the application subject in which the wire bundle is applied and used, it is possible to carry out the 
life estimation of flexure easily by using a computer with respect to step U3. Therefore, it becomes possible to shorten 
the developing period while ensuring sufficient reliability in the initial designing stage. 

[0087] Here, a detailed explanation will be given of a method of the life estimation of flexure of a wire harness in the 
CAE process at step U3. 

[0088] For example, Fig. 2 is a side view that shows a wire bundle 1 and a grommet (protective tube) 2 that form 
designing subjects. Here, for example, in the above-mentioned step U3, in the case when a wire bundle passes through 
the inside of a grommet 2 that is placed at B in the vicinity of a hinge portion between a predetermined position (door 
panel) 4 of a door 3 (an area indicated by symbol A in Fig. 2) and a predetermined position (body panel) 6 of a body 

5 (an area indicated by symbol C in Fig. 2), an explanation will be given of a case in which the life estimation of flexure 
of wire bundle 1 is carried out when wire bundle 1 is subjected to extending and bending changes in accordance with 
the opening and closing operations of door 3. Here, in this specification, door 3, door panel 4, body 5 and body panel 

6 are generally referred to as an external structural component. 

[0089] The inventors, etc. of the present invention have made extensive research effects with respect to factors that 
control the flexure life of wire bundle 1 . Consequently, in particular, at low temperatures, when a fatigue crack is gen- 
erated in an insulating layer of each wire, the conductor section at the portion having the crack is more susceptible to 
a local stress;.therefore, it has been found that disconnection in each wire of wire bundle 1 is mainly controlled by the 
fatigue fracture in the insulating layer coating the conductor section, and that the fatigue fracture of the insulating layer 
has a strong correlation with the amount of change in the surface strain. In other words, it has been found that there 
is a strong correlation between the flexure life of wire bundle 1 and the amount of change in strain of the surface of an 
insulating layer at the time of being bent. Here, when wire bundle 1 is actually attached to the car door 3, etc., it is 
attached thereto in various shapes such as an S-letter shape and a U-letter shape. Depending on the shapes, the way 
how a stress is exerted on wire bundle 1 is also changed. However, it has been found that, in spite of the various 
shapes in which the wire bundle 1 is placed, the correlation between the flexure life of wire bundle 1 and the amount 
of change in strain is not dependent on the shape of wire bundle 1 , and it is maintained constant in a wide ranqe of 
the flexure shape. 

[0090] Therefore, by preliminarily finding the correlation between the flexure life and the amount of change in strain 
of wire bundle 1 through experiments, it becomes possible to estimate the flexure life of the wire bundle, etc. by ana- 
lyzing only the amount of change in strain of wire bundle 1 under various product conditions. 
[0091] In the case when the amount of change in strain is analyzed on wire bundle 1 , it is effective to use a computer 
based upon finite element method; however, since the wire bundle 1 includes a plurality of wires, and since the shape 
of grommet 2 is complicated, when the analysis is carried out based upon finite element method while strictly modeling 
these shape and physical properties (bending rigidity), the calculation processing load on the computer becomes great- 
er. Therefore, the objective of present invention is to provide a method of estimation of flexure life which can maintain 
high estimation precision of flexure life while simplifying the finite element model of each structural component and 
reducing the calculation processing load of the computer. 

[0092] More specifically, the method of estimation of flexure life is provided with a curvature value calculation process 
(Fig. 3) for finding a curvature value of a wire bundle 1 by using the finite element method and an estimated life outputting 
process for obtaining the estimated life of wire bundle 1 based upon the resulting curvature value of wire bundle 1 
The following description will discuss respective processes in detail. 
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<1 Curvature value calculation process> 

[0093] A curvature value calculation process is a process which finds the curvature radius R of each of the door 
opened state and door closed state of a virtual single wire 11 (see Fig. 16) that simulates a wire bundle 1 through a 
computer calculation process using finite element method, and is provided with a parameter input step (step S01) for 
inputting parameters in a computer as shown in Fig. 3, an initial state determining process (step S02 S04) for deter- 
mining the initial shape of each structural component required for calculations in the finite element method, an extending 
and bending operation analyzing process (step S03, SOS to SOS) that carries out an operation analysis at the time 
when a wire bundle 1 inside grommet 2 is extended and bent in response to opening and closing operations of door3. 

1-1 Parameter Input Process 

[0094] In the parameter input process, first, at step S01 , parameters required for the analyzing process in the suc- 
ceeding steps are inputted. 

[0095] Specific items of the parameters include attaching coordinates of a securing point to which wire bundle 1 is 
secured, attnbute information of wire bundle 1 , attribute information of grommet 2, the opening and closing angles of 
door 3, and temperature conditions. 

[0096] With respect to the attaching coordinates of the secting point of wire bundle 1 to be inputted to as input 
parameters, for example, as shown in Fig. 4 or Fig. 5, respective coordinate positions of door panel 4 of car door 3 
and body panel 6 of body 5 are specified, and with respect to these door 3 and body 5, coordinate positions to which 
wire bundle 1 is secured are specified by clamp T, etc., so that respective inputting operations are carried out With 
respect to the input values in this case, for example, as shown in Fig. 4, by preliminarily inputting the attaching coor- 
dinates at the time of the closed state of door 3, the shape of wire bundle 1 at the time of the opened state of the door 
shown in Fig. 5 is found through calculations that are given following the changes of door 3 to the opened state- thus 
it is not necessary to carry out the inputting operations at step S01 . 

[0097] With respect to the attribute information of the wire bundle 1 to be inputted as input parameters the kinds 
(product numbers) of wires constituting wire bundle 1 , the diameters of conductor lines within the wires the number 
of the conductor lines and respective values, etc. of the bending rigidity of the respective conductor lines and the 
respective insulating layers are specified and inputted. 

[0098] With respect to the attribute information of grommet 2, the inner diameter of the through-hole of tube-shaped 
grommet 2 and the length of grommet 2, etc. are specified, and inputted. Here, with respect to the rigidity of grommet 
2, it is not necessary to input these. The reason for this will be explained in the following description 
[0099] In this example, the method of estimation of flexure life of the wire bundle 1 in the CAE process literally it is 
only necessary to estimate the flexure life of the corresponding wire bundle 1 , and it is not necessary to estimate the 
flexure life of grommet 2. Moreover, in the first preferred embodiment, the objective is to find estimated values suitable 
for the application in a car at low temperatures, and it has been confiimed through experiments that changes in the 
bending rigidity of grommet 2 due to temperature changes such as normal temperature and low temperatures can be 
ignored in companson with changes in the bending rigidity of the wire bundle 1 , depending on the material to be used 
Therefore, when the wire bundle 1 is hardened under a low temperature, the shape of wire bundle 1 is hardly regulated 
by the shape of grommet 2, and in contrast, the shape of grommet 2 is regulated by the shape of wire bundle 1 
Consequently, it is only necessary to confirm the shape of grommet 2, and it is not necessary to provide parameters 
in the bending rigidity in relation to temperature changes of grommet 2; therefore, since it is possible to sufficiently 
estimate the flexure life of wire bundle 1 with the rigidity of grommet 2 being ignored, there is no degradation in the 
precision of the estimated value of flexure life of wire bundle 1 even when the physical parameters such as bendinq 
« ngidity of grommet 2 are omitted from this step S01 . 

[0100] With respect to the opening and closing angles of door 3, the relative angle of door 3 with respect to body 5 
in the closed state of door 3 and the relative angle of door 3 with respect to the body 5 in the opened state of door 3 
are specified, and inputted. 

[0101] Moreover, with respect to the wire bundle 1 , since the value of the bending rigidity changes in response to a 
change in the temperature such as normal temperature and a low temperature (including temperatures corresponding 
to cold temperatures in winter), the temperature parameters thereof are also inputted. 

[0102] Here, the respective inputted parameters are stored in a predetermined storing device, such as a hard disk 
drive, as data files referred to as procedure files. 

[0103] The succeeding processes after the above-mentioned parameter inputting processes are executed by the 
CPU that is operated in a sequence specified by software programs that have been preliminarily stored in a hard disk 
of the computer. 
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1-2 Virtual single wire diameter calculation process 

[0104] As will be described later, in this preferred embodiment, a wire bundle constituted by a plurality of wires is 
modeled into a virtual single wire (see Fig. 1 6), and this is used for estimating the flexure life. Therefore, at step S01 A 
the diameter of virtual single wire 1 1 used for modeling is determined based upon the types (product numbers) of wires 
inputted in the parameter input process (step S01 ), the diameter of the conductor lines within the wires and the number 
of the corresponding wires. 

[0105] More specifically, a list of outer diameters (finished outer diameters) including coating portions of the respec- 
tive wires has been preliminarily stored in a hard disk of a computer, and in accordance of the types (product numbers) 
of the wires inputted in the parameter input process (step S01), the respective finished outer diameters are read out 
Here, it is supposed that the kind of each of the wires is represented by a variable V (= 1 to m) and the finished outer 
diameter of each of the wires of the kind v is represented by dv. Moreover, it is supposed that the number of the used 
wires v, inputted in the parameter input process (step S01 ), is represented by Nv. At this time, the diameter Dx of the 
virtual single wire used for simple-modeling the wire bundle is found from the following multi-dimensional approximation 
equation (1). 
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[Equation 4] 

Do=MZ ( d v 2 X N v )} ,/2 


Dx= V (ai X Do') ...(1) 


M 


[0106] Here, ai (i = 0, 1 , 2, .... n) in equation (1) is an inherent coefficient derived from rule of thumb, and such an 
30 equation (1) is defined by a software program preliminarily stored in a hard disk in a computer. 

[0107] In this manner, upon modeling the wire bundle, at the parameter input process (step S01 ), the operator only 
needs to input the kinds and the number of wires so as to allow the computer to automatically calculate the diameter 
of a virtual single wire; therefore, with respect to step U3, even only within a designing and manufacturing maker 
(application subject designing station) of an application subject in which the wire bundle is applied and used, it is 
possible to easily carry out the life estimation of flexure of the wire bundle by using a computer. 
[0108] Moreover, together with the virtual single wire diameter calculation process, parameters of bending rigidity of 
the individual wires v (conductor lines and insulating layers) serving as each structural component within wire bundle 
1 preliminarily stored in a hard disk are read out beforehand. These parameters in bending rigidity are used for correctly 
modeling the shape of wire bundle 1 in the respective initial shape, opened state and closed state of door 3. Here, in 
this preferred embodiment, as will be described later, on the assumption that a simple one virtual single wire 11 (see 
Fig. 16) is used as wire bundle 1 , the flexure life of the surface of each wire (including the insulating layer forming the 
coating portion) is estimated; and, for example, in the case when, for example, upon carrying out repeated life estima- 
tions of flexure, the diameter and bending rigidity (bending elasticity) of virtual single wire 11 have been preliminarily 
found through the previous life estimation of flexure, parameters such as the diameter and bending rigidity of virtual 
45 single wire 1 1 may be directly inputted. 

1-3 Initial shape determining step 

[0109] In the initial shape determining step at the next stage, the initial shapes of a virtual pipe 9 and virtual single 
wire 11 (see Fig. 16) formed by simple-modeling wire bundle 1 are determined to form a finite element model. 
[0110] First, at step S02, virtual pipe 9 and virtual single wire 11 are aligned in a linear state to form finite element 
models. 

[01 1 1] In this case, first as shown in Fig. 6, a realistic model (hereinafter, referred to as "real model") in which a wire 
bundle 1 having a thickness of an outer diameter D2 passes through a through hole 7 of a grommet 2 having an inner 
dimension of D1 is formed. In this case, the margin dimension of a margin space of grommet 2 with respect to the wire 
bundle 1 is a value (D1 - D2) obtained by subtracting outer diameter D2 of wire bundle 1 from dimension D1 of the 
inner diameter of grommet 2. 

[0112] Here, in the stage for determining the initial shape of the wire bundle 1 , since the procedure for determining 
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the shape becomes complex when its thickness (outer diameter D2) is taken into consideration, a virtual model in 
which only the center line 8 having no thickness is taken into consideration as the center axis of the wire bundle 1 as 
shown in Fig. 7 is determined, in addition to the above-mentioned real model. 

[0113] In the case of this virtual model, with respect to the distance of the gap between the outer surface of wire 
bundle 1 and the inner circumferential face of grommet 2, it is of course desirable to apply a dimension close to the 
actual dimension thereof. Therefore, the value Dx (see equation (1)) found at step S01 A is adopted as an approximate 
diameter D2 of the wire bundle, and as shown in Fig. 7, a virtual pipe 9, which is apart from center line 8 having no 
thickness by the same distance as the distance of the actual gap {(D1 - D2)/2} is assumed. The inner diameter of virtual 
pipe 9 is (D1 - D2). This value is coincident with the above-mentioned margin dimension of the margin space. Here, 
the actual model and the virtual model in this step S02 are aligned so as to make center line 8 of wire bundle 1 coincident 
with the center line of virtual pipe 9. In this case, the shape of the linear virtual pipe 9, determined here, is shown in 
Fig. 8. Reference number L1 in Fig. 8 represents the length dimension of wire bundle 1 (and center line 8 thereof) to 
be used in the analysis calculating process in the method of estimation of flexure life, and a desired value, which is 
set, at least, longer than the length of a portion that might be deformed by the door opening and closing operations, is 
applied. Moreover, reference number L2 is a length dimension of the actual grommet 2, which is represented in the 
Figure as the length dimension of a virtual pipe 9. 

[0114] Here, with respect to the actual model and the virtual model, element divisions are preliminarily carried out 
by setting an infinite element mesh with predetermined fine gaps. Here, the shape of center line 8 of wire bundle 1 
inside virtual pipe 9 is very important in carrying out the life estimation of flexure of center line 8 of wire bundle 1 . For 
this reason, at the time of carrying out the element divisions, the finite element mesh of center line 8 of wire bundle 1 
inside virtual pipe 9 is set finer than the finite element mesh of center line 8 of wire bundle 1 that is set outside the 
virtual pipe 9. 

[0115] Here, the operation of this step S02 is automatically calculation-processed by CPU of the computer based 
upon the parameters inputted at step S01 . 

[0116] Next, at step S03, as shown in Fig. 9, based upon coordinate positions corresponding to the actual states of 
door panel 4 of door 3 and body panel 6 of body 5, these finite element models are formed. In this case, with respect 
to the initial shapes of door panel 4 and body panel 6, for example, the shapes at the time of the door closed state are 
applied. Moreover, with respectto door 3 and body 5, the positions of clamp T of wire bundle 1 are respectively specified. 
The coordinate positions of door panel 4 and body panel 6, determined here, are used for determining the attaching 
positions (grommet position) of grommet 2 and virtual pipe 9. The operation at this step S03 is automatically calculation - 
processed in CPU of the computer based upon the parameters inputted at step S01 . 
[0117] At the next step S04, the initial shapes of virtual pipe 9 and wire bundle 1 related to models of center line 8 
are calculated. More specifically, virtual pipe 9 and wire bundle 1 formed at the above-mentioned step S02 are trans- 
formed so as to fit to the coordinate positions of door panel 4 and body panel 6 formed at step S03 so as to determine 
35 the initial shape of center line 8 of virtual pipe 9 and wire bundle 1 as shown in Fig. 1 0. 

[0118] Next, a detailed explanation will be given of a determining method of the initial shape of center line 8 of wire 
bundle 1. 

[0119] For example, as shown in Figs. 11 and 12, in the case when center line 8 corresponding to the shape of wire 
bundle 1 penetrates the inside of virtual pipe 9 corresponding to the in ner circumferential shape of grommet 2, a method 
may be proposed in which the shape of center line 8 is determined so as to allow center line 8 of wire bundle 1 to pass 
through central points 9a, 9b on the two end portions of virtual pipe 9. However, since center line 8 of wire bundle 1 is 
placed in the inner space of virtual pipe 9 with a dimensional margin (which corresponds to the fact that wire bundle 
1 is placed in the inner space of grommet 2 with a margin), center line 8 of wire bundle 1 is not necessarily allowed to 
pass through central points 9a, 9b on the two end portions of virtual pipe 9. In contrast, in most cases, when virtual 
pipe 9 and central line 8 of wire bundle 1 are curved as shown in Fig. 11 in the opened state of door, center line 8 of 
wire bundle 1 is regulated by the position of clamp T, with the result that it has an offset from center points 9a, 9b on 
two end portions of virtual pipe 9. In this manner, if center line 8 of wire bundle 1 is modeled into a shape different from 
the actual shape, and if this is used for estimating the flexure life, the resulting estimated value becomes greatly different 
from the actual flexure life of wire bundle 1 . 

[0120] For this reason, in this preferred embodiment, center line 8 of wire bundle 1 is modeled with the existence of 
virtual pipe 9 being virtually ignored (hereinafter, referred to as "completely free model"). In other words, in the case 
when center line 8 of wire bundle 1 (corresponding to the shape of wire bundle 1 ) and virtual pipe 9 (shape of grommet 
2) are aligned in a linear state, as illustrated in Fig. 12, an arrangement is made so that center line 8 of wire bundle 1 
is allowed to pass through center points 9a, 9b of the two end portions of virtual pipe 9; however, in the case when 
virtual pipe 9 is curved, as illustrated in Figs. 1 3 and 1 4, a shape is determined so that, independent of the coordinate 
positions of center points 9a, 9b of the two end portions of virtual pipe 9, center line 8 of wire bundle 1 is only regulated 
by the positions of clamp T of door 3 and body 5 that secure wire bundle 1 . 

[0121] However, in the case when, as described earlier, virtual pipe 9 is curved due to the opened state of door 3, it 
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is supposed that the surface of wire bundle 1 comes into contact with the intermediate position on the inner circum- 
ferential portion of the corresponding actual grommet 2, and only in this case, the shape of wire bundle 1 is limited by 
the shape of grommet 2. By taking this fact into consideration, in the present preferred embodiment, the actual model 
is used at step S06, which will be described later, and wrth respect to virtual single wire 11 (see Fig. 16) and grommet 
2, the shapes are limited by taking into consideration the door opening and closing operations. However, such correc- 
tions are not executed at this step S04, but executed on step S06 which will be described later. 
[0122] In this manner, in the case when center line 8 of wire bundle 1 is allowed to penetrate the inside of virtual 
pipe 9, calculations arc executed based upon finite element method by using the completely free model with the ex- 
istence of virtual pipe 9 being ignored (that is, a model in which the shape of center line 8 of wire bundle 1 is not 
subjected to influences from virtual pipe 9); therefore, when a wire harness is applied as center line 8 of wire bundle 
1, it is possible to properly approximate the calculated value (estimated value) of flexure life to the value of actual 
flexure life, in comparison with conventional calculations carried out on the assumption that it is secured on the center 
of each of the terminals of virtual pipe 9. 

[01 23] Moreover, since it is possible to omit computer analyzing processes of virtual pipe 9 that are carried out based 
upon finite element method, it becomes possible to greatly reduce the load of calculation process in the computer. 
Moreover, since it becomes possible to eliminate the process for dividing virtual pipe 9 by using finite element meshes 
the work load can be reduced greatly. 

1-4 Extending and bending operation analyzing step 


[0124] At step S05, models of the initial shapes of door panel 4 and body panel 6 formed at the above-mentioned 
step S03 and a model of the initial shape of center line 8 of virtual pipe 9 and wire bundle 1 formed at the above- 
mentioned step S04 are combined with each other as shown in Fig. 15 so as to form a finite element model used for 
door opening and closing calculations. More specifically, attaching coordinates of securing points inputted at step S01 
are plotted on door panel 4 and body panel 6 formed at step S03 , and the model of center line 8 of wire bundle 1 formed 
at step S04 are overlapped on the attaching coordinates of these securing points. 

[0125] Next, at step S06, a contact element is added to the door opening and closing model. In this case, a real 
model is used. However, if all the wires in wire bundle 1 are respectively formed into structural components, the ana- 
lyzing calculations in the following step become complex so that a virtual single wire (virtual line member) 11 , shown 
in Fig. 16, that is assumed based upon general physical properties of wire bundle 1 is adopted. In this virtual single 
wire 11 , the bending modulus of elasticity of the metal materials in the conductor portions in a plurality of wires in wire 
bundle 1 and the bending modulus of elasticity of the insulating materials of the coating layer are subjected to weighting 
processes, and. averaged based upon the ratio of cross-sectional areas, and assuming that a virtual material in which 
the metal material of the conductor portion and the insulating material of the coating layer are averaged is prepared 
a virtual singfcKwire 11 made of this virtual material is prepared. Then, based upon the fact that this virtual single wire 
1 1 comes into contact, with being regulated by grommet 2, the contact element is defined while taking into consideration 
the diameter Dx (see step S01 A) of virtual single wire 11 within the grommet 2 as well as taking its space occupying 
rate into consideration, and the shape of virtual single wire 11 is corrected. Here, with respect to a specific defining 
method of the contact element, since it is the same as the defining method of a contact element in a general finite 
40 element model; the description thereof is omitted for convenience of explanation. 

[0126] Next, at step S07, based upon the opening and closing angles of door 3 inputted at step S01 , the curvature 
radius R of center line 8 of wire bundle 1 is calculated with respect to each of the opening state and the closing state 
of door 3 based upon center line 8 of wire bundle 1 in the virtual model. 

[0127] Then, at step S08, based upon curvatures calculated at step S07, the amount of change in curvature between 
the furthest extended state and in the furthest bent state in the length direction of center line 8 of wire bundle 1 is 
calculated. The results of calculation of this amount of change in curvature are stored in a predetermined storing device 
such as a hard disk drive, etc., as data in a data file referred to as a curvature value file. 


<2. Estimated life outputting process> 

[0128] Fig. 17 is a flow chart that shows a processing sequence of the estimated life outputting process. Here, with 
respect to a pre-stage before the processing sequence shown in Fig. 1 7, it is necessary to preliminarily obtain a master 
curve (life estimating curve) that indicates a correlation between the flexure life of wire bundle 1 and the amount of 
change in strain. 

2-1 Master curve (life estimation curve) obtaining process (pre-stage) 

[0129] In the obtaining process of the master curve (life estimation curve), with respect to a single wire, based upon 
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the value of the curvature radius in the curvature value calculation process obtained through the above-mentioned 
finite element method, the amount of change in strain of the single wire is found, and the value of this amount of change 
in strain and the flexure life of the corresponding single wire obtained as a result of the experiment are plotted on 
predetermined graph coordinates; thus, an approximate correlation curve as shown in Fig. 18 is found to form the 
master curve (life estimation curve). The axis of abscissas in this Figure represents the amount of change in strain of 
the surface of the insulating layer, and the axis of ordinate represents the flexure life. 

[0130] Here, the following description will discuss the amount of change in strain in a single wire. It is supposed that 
a single wire, formed by a conductor line coated with an insulating layer, has a radius of r. This single wire is subjected 
to a bending strain, and supposing that its bending radius is R, the curvature K is represented by K = 1/R. In this case, 
strain e appearing on the surface of the insulating layer of the single wire is represented by the following equation: 


e~2*(R + r )/2rcR-l 
= (R + r)/R-l .„ (2) 


[0131] With respect to a single wire that is placed at a position that is subjected to bending of door 3, etc., supposing 
that the bending radius is R 1 in the single wire in the furthest bent state at the position that is subjected to the bending 
that the bending radius is R 2 in the single wire in the furthest extended state, and that the amount of change in strain 
on the surface of the insulating layer is Ae, when the single wire is repeatedly extended and bent between the furthest 
extended state and the furthest bent state, A e is represented by the following equation (3): 

A *=(Ri+r)/R,-(R 2 + r)/F* 
= f (l/Ri-l/Rz) 
Sf ^K .,.(3) 

[0132] Here, in equation (3), AK represents the amount of change in curvature when the single wire is subjected to 
repeated bending, and this value is calculated through a curvature value calculation step based upon finite element 
method. The calculated value AK is listed with respect to each portion of the single wire, and AK having the greatest 
value is adopted so that the amount of change in strain A £ is obtained from equation (3). 

[0133] Here, with respect to flexure life, the single wire is subjected to repeated bending, and it is found by actually 
measuring the number of bending processes up to disconnection. As described earlier, the disconnection of a wire 
bundle, etc. , under low temperatures is mainly controlled by fatigue fracture of an insulating layer coating the conductor 
portion so that the flexure life has a temperature dependency. Therefore, with respect to measurements on the flexure 
life, measurements are carried out for each of required temperatures as shown in Fig. 19. The axis of abscissas rep- 
resents the amount of change in strain, and the axis of ordinates represents the flexure life. As shown in Fig. 1 9 as 
the temperature decreases, the flexure property decreases, that is, the flexure life is shortened even at the same 
amount of change in strain. 

2-2 Step of calculating amount of change in strain by selecting wires 

[0134] Next, within wire bundle 1 to be subjected to measurements, with respect to the single wire that is assumed 
to have the greatest amount of change in strain A e, the amount of change in strain A £ is calculated. 
so [0135] Here, at step S11 in Fig. 17, wire bundle 1 is not provided as a virtual single wire 11a that is obtained by 
transforming wire bundle 1 to a simple model, but determined so as to allow the shape of each wire 12 actually placed 
inside virtual single wire 11a to correspond to the shape of the above-mentioned virtual single wire 11 , as shown in 
Fig. 21 . In other words, based upon both of the shapes of virtual single wire 11 in the furthest bent state and in the 
furthest extended state outputted from step S08, by taking them into consideration the diameter Dx (see step S01 A) 
of virtual single wire 1 1 and the dimension of the diameter of individual wires 1 2 (d v in equation (1 )), both of the shapes 
of the wire 1 2 having the greatest amount of change in strain A £ inside thereof in the furthest bent state as well as in 
the furthest extended state are determined. In this case, as shown in Fig. 21 , supposing that wire 12 is placed so as 
to contact the outer circumference of virtual single wire 1 1 , a wire 1 2 having the greatest amount of change in strain 
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A e is selected among these as the wire 12 that is placed on the innermost circumferential side with respect to the 
bending radius of wire bundle 1 . Here, in wire bundle 1 , in some cases, a plurality of wires 12 are mutually placed in 
a twisted state, and in this case, it becomes difficult to predict which wire 12 comes to have the greatest amount of 
change in strain A e ; therefore, if there are a plurality of wires 12 having the greatest amount of change in strain A e, 
the amount of change in strain A e is calculated in each of the cases, and the wires 12 that are assumed to have the 
greatest amount of change in strain A e are compared with each other so that the wire 12 may be selected after the 
comparison. 

[0136] Then, after step S11 , in the wire 12 that is assumed to have the greatest amount of change in strain A e, the 
curvature radius R in the furthest extended state is set to Rj while the curvature radius R in the furthest bent state is 
set to R 2 , the amount of change in curvature AK is read from the curvature value file in accordance with the curvature 
value calculating process based upon the aforementioned finite element method of wire 12. 
[0137] Next, at step S12, supposing that the radius of wire 12 is r, the amount of change in strain A e is calculated 
in accordance with the above-mentioned equation (3) based upon the curvature value (value of curvature radius) of 
the selected wire 12. 

[0138] Successively, at step S1 3, points of the selected wire 1 2 having the greatest amount of change in strain A e 
found in step S12 are selected. 

2-3 Collation process to master curve (life estimation curve) 

[0139] Then, at step S14, the greatest amount of change in strain A £, selected at step S13, is applied to the master 
curve (life estimation curve) shown in Fig. 19, and the value on the axis of ordinates at this time is obtained as an 
estimated value of the flexure life. Here, the correlation between the flexure life and the amount of strain of the selected 
wire 1 2 is not dependent on the radius of wire 1 2. Therefore, when the amount of change in strain of the selected wire 
12 can be calculated through the curvature value calculation process based upon the aforementioned finite element 
method, it is possible to accurately estimate the flexure life independent of product conditions of the selected wire 12. 
Here, this fact does not necessarily mean that the method of estimation of flexure life of the selected wire 12 in ac- 
cordance with the present invention is carried out without completely taking into consideration product conditions of 
the selected wire 12; and in a stage where the amount of change in strain of the wire 12 selected as an estimation 
subject is calculated in accordance with equation (3), the radius r is taken into consideration. With this arrangement, 
independent of product conditions of the selected wire 12, it is possible to accurately estimate the flexure life so that 
by reflecting the results of the estimation to designing of a wire harness, etc., it becomes possible to carry out desk- 
work examinations preliminarily, and consequently to provide optimal designing as well as to shorten the developing 
period. Moreover, it also becomes possible to reduce test devices that are actually used in estimations of flexure life. 
[0140] Here, in the case when the stress of wire bundle 1 having a plurality of wires is analyzed based upon the finite 
element method, it is a rule that, originally, three dimensional analyses are carried out by using individual wires as 
discrete infinite elements; however, in the present preferred embodiment, the individual wires are not modeled three- 
dimensionally as discrete structural components, but dealt as a finite element by simplifying it into a virtual pseudo- 
single wire (virtual single wire 11), and after the shape has been determined by this step, the single wire 12 that is 
located at a position that provides the greatest amount of change in strain A e inside thereof is selected, and the 
estimation of flexure life is carried out only on this selected wire 12 in collation with the master curve. In this manner, 
in order to calculate the initial shape and the final shape, by carrying out modeling and calculations not based upon 
physical properties derived from the actual construction of wire bundle 1 , but based upon the diameter Dx (see step 
S01) and bending elasticity of virtual single wire 11 , it becomes possible to greatly simplify the physical properties of 
wire bundle 1 and also to calculate the resulting values. Consequently, it is possible to obtain an estimated value of 
flexure life that is closely approximated to the actual flexure life. Therefore, upon calculating an estimated value of 
flexure life through finite element method (matrix stress analyzing method) by using a computer, it becomes possible 
to reduce the load imposed on the computer, and also to quickly converge the estimated value. ' 
[0141] Moreover, in the above-mentioned curvature value calculation step, in the case when the shape of center line 
8 of wire bundle to penetrate the inside of virtual pipe 9 is determined, calculations are carried out through finite element 
method as a completely free model (that is, a model in which the shape of center line 8 of wire bundle 1 does not have 
any influences from virtual pipe 9) with the existence of virtual pipe 9 being ignored; therefore, when a wire harness is 
applied as center line 8 of wire bundle 1 , in comparison with a conventional case in which calculations are carried out 
on the assumption that it is secured to the center of the terminal of virtual pipe 9, it is possible to make the calculated 
value (estimated value) of flexure life closely approximate to the actual value of flexure life. 

[0142] More specifically, Fig. 20 shows an example in which a master curve (life estimation curve) MC is preliminarily 
set by using a predetermined single wire and the estimation of flexure life of wire bundle 1 is carried out by using the 
above-mentioned method of estimation of flexure life. 

[0143] In the case when, without using the completely free model the amount of change in strain A e is calculated 
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on the assumption that center 8 of wire bundle 1 passes through the center of the terminal of virtual pipe 9 in a fixed 
manner, and when flexure life experiments are actually carried out and the number of extending and bending move- 
ments that have been taken up to disconnection is plotted, the results indicated by point P1 are obtained. However, it 
has been confirmed that this point P1 is plotted at a position greatfy deviated from the master curve MC. 

s [0144] In contrast, in the case when the amount of change in strain A e is calculated by using the above-mentioned 
completely free model, and when flexure life experiments are actually carried out and the number of extending and 
bending movements that have been taken up to disconnection is plotted, the results indicated by point 2 are obtained. 
This point 92 is coincident with the master curve MC so that it has been proved that this preferred embodiment makes 
it possible to provide a method of estimation of flexure life with high precision. 

10 [0145] Moreover, since it is possible to simplify the computer analyzing process by using a virtual pipe 9, the load of 
calculation processes on the computer can be greatly reduced. Moreover, since it is possible to eliminate the process 
of dividing virtual pipe 9 by using finite element meshes, it becomes possible to greatly reduce the work load. 
[0146] Here, in the present embodiment, in steps S11 to S15, the life estimation is carried out on a single wire 12 
having the greatest amount of change in strain A e in wire bundle 1 (virtual single wires 11a); however, instead of this 

15 arrangement, the estimation of flexure life may be simply carried out on the surface of virtual single wire 11 (see Fig. 
16), and this may be used as the estimation of flexure life of wire 12. In this case, the diameter Dx of virtual single wire 
11 (that is, the diameter of wire bundle 1 : see step S01 A) may be applied as the diameter r in equation (3) so as to 
carry out calculations. 

20 {Preferred Embodiment 2} 


[0147] The above-mentioned first preferred embodiment has discussed a method of estimating the flexure life that 
is applied to a case in which at low temperatures, cracks occur in the insulating layer serving as a coating portion prior 
to rupture of an inner conductor portion to cause a stress that is locally applied thereon, resulting in a disconnection 
in the inner conductive portion. 

[0148] However, at normal temperature, in the case when a halogen-free resin material, PE 5 etc., that have very little 
temperature dependency are used as an insulating layer forming a coating material, or even in the case when an 
insulating layer such as PVC that has a temperature dependency is used, if these wire harnesses (wires or a wire 
bundle) are repeatedly bent, a conductor portion, which forms an inner core line, sometimes has a disconnection prior 
to the occurrence of cracks due to fatigue fracture of the insulating layer. Therefore, at normal temperature, the dis- 
connection of wire harnesses is not necessarily caused by fatigue fracture of the insulating layer coating the conductor 
portion, and it is considered that the flexure life of wire harness is equal to the flexure life of each strand inside thereof. 
[0149] Moreover, for example, in an arrangement where a plurality of strands are placed inside a single insulating 
layer, when the respective flexure lives are compared between a strand placed in the center of the cross-section (here- 
inafter, referred to as "center conductor line") and strands placed on the periphery of this center conductor line, the 
peripheral strands, formed virtually in a coil shape, have a very long flexure life, while the center conductor line, which 
is linearly stretched, has a short flexure life. Moreover, in the case of a wire bundle in which a plurality of wires, each 
having a core line, are bundled, the flextue life of a core line (center conductor line) of any one of wires that has the 
greatest amount of change in strain between the furthest bent state and the furthest extended state is shortest. Here, 
it has been found that by estimating the life of only the center conductor line having the shortest flexure life, the flexure 
life of the entire wire harness can be estimated; in other words, it has been found that there is a strong correlation 
between the greatest amount of change in strain of only any one of the center conductor lines inside a wire harness 
and the flexure life of the wire harness as a whole. 

[0150] In this case, with respect to the master curve, a master curve is preliminarily found from a wire having the 
same materials in the conductor portion (for example, copper) and the coating material, and with respect to the con- 
ductor portion (center conductor line) of the wire 1 2 having the greatest amount of change in strain A e in wire bundle 
1 , the amount of change in strain A e is found based upon finite element method, and the estimation of flexure life of 
the conductor portion may be carried out by collating the results with the master curve. In this manner, by preliminarily 
finding the correlation between the amount of change in strain of the center conductor line and the flexure life of the 
center conductor line, it becomes possible to estimate the flexure life of a wire harness as a whole by only analyzing 
the greatest amount of change in strain with respect to the center conductor line under various product conditions. The 
method of estimation of flexure life in accordance with the present preferred embodiment has been devised based 
upon the above-mentioned knowledge. 

[0151] Here, as will be described below, in the present method of estimating the flexure life of wire harnesses, in a 
structure having a plurality of conductor lines (strands or core lines), by estimating the flexure life of any one of center 
conductor lines that is assumed to have the shortest flexure life, the flexure life of the wire harness (wire of wire bundle) 
as a whole is estimated; however, with respect to a subject such as a wire bundle with a structure having a plurality of 
conductor lines, the flexure life in the present preferred embodiment does not necessarily estimate complete discon- 
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nection of all the conductor lines in the wire or wire bundle. Even when any one of conductor lines (including the center 
conductor line) within a wire or a wire bundle has a disconnection , the other conductor lines are not necessarily dis- 
connected at the same time, and the complete disconnection of ail the wires in the wire or the wire bundle occurs after 
a lapse of considerable time. However, since the fact that any one of conductor lines (that is, the center conductor line 
s having the shortest flexure life) is disconnected means a great change in the functional quality of the wire or the wire 
bundle, the present preferred embodiment defines the life up to disconnection of any one of conductor lines as the 
flexure life although this does not cause complete disconnection. 

[0152] Among specific methods of estimation of flexure life, the following description will discuss a method of esti- 
mating the flexure life for a wire (see Fig. 25) formed by twisting strands 1 02 on the periphery of a center conductor 
10 line 101 as a second preferred embodiment. 

[0153] Fig. 22 is a flow chart that shows a sequence of this method of estimating the flexure life (the outline of a 
basic flow is the same as the first preferred embodiment). 

[0154] First, at step S1 01 that is a pre-step, a master curve indicating a correlation between the flexure life and the 
amount of change in strain of a single wire is preliminarily obtained. With respect to the master curve, a strand 101 

is which is, for example, a single product of copper made of the same material as the center conductor line to be actually 
used, is subjected to repeated bending processes by using predetermined tools Z1, Z2 as shown in Fig. 23 (in an 
example shown in Fig. 23, the tool Z2 is reciprocally moved in the direction of arrow with respect to the tool Z1) and 
the amount of change in strain is analyzed by using CAE analysis, etc., and the flexure life (the number of bending 
processes up to disconnection) is actually measured with respect to various amounts of change in strain; thus the 

20 master curve is obtained. 

[0155] Then, as shown in Fig. 16, the radius of conductor line (single wire) 101 inside the insulating layer in a wire 
(indicated by reference numeral 11 in Fig. 16) is defined as r. The conductor line 101 is subjected to a bending defor- 
mation, and supposing that the bending radius is R, the curvature K is represented by K = 1/R. At this time, strain e 
appearing on the surface of conductor line 101 is represented by the above-mentioned equation (2) (the first preferred 

25 embodiment). 

[0156] Here, in conductor line 1 01 placed at a position that is subjected to bending from the door portion and sheet 
portion, supposing that the bending radius is R 1 in conductor line 101 in the furthest bent state at the position that is 
subjected to the bending, that the bending radius is R 2 in conductor line 101 in the furthest extended state, and that 
the amount of change in strain on the surface of the corresponding conductor line 1 01 is A e, when conductor line 1 01 
is repeatedly.extended and bent between the furthest extended state and the furthest bent state, A e is represented 
by the abovermentioned equation (3) (the first preferred embodiment). 

[01 57] Here, in equation (3), A K represents the amount of change in curvature when conductor line 1 01 is subjected 
to repeated bending, and in the same manner as the first preferred embodiment, this value is calculated through a 
computer analysis (so-called CAE analysis) based upon finite element method from the change in shape of conductor- 
line 1 01 at the time of the repeated bending. The calculated value AK is listed with respect to each portion of conductor 
line 1 01 , and AK having the greatest value is adopted so that the greatest amount of change in strain Aeon the surface 
of conductor line 101 is obtained from equation (3). 

[0158] Here, with respect to flexure life, conductor line 101 is subjected to repeated bending, and it is found by 
actually measuring the number of bending processes up to disconnection. Disconnection of the wire harness as a 
whole at normal temperature is mainly dependent on the metal fatigue fracture of each conductor line 1 01 inside thereof- 
however, in the case when there is a temperature dependence in flexure life, it is preferable to carry out the measure- 
ments of flexure life for each range of required temperatures. 

[0159] Here, with respect to conductor line 1 01 used for determining a master curve, it is necessary to use one that 
uses the same materials as the conductor line and insulating material that are used in the wire harness that is an actual 
estimation subject; however, with respect to the diameter thereof, this is not necessarily set to the same as that of a 
wire harness that is the estimation subject. This is because the inventors, etc. of the present invention have obtained 
through experiments the knowledge that even when master curves have been preliminarily found by using samples 
having different diameters in conductor line, the corresponding master curve can be applied independent of the radius 
of conductor line 1 01 serving as the subject of the estimation. 

[0160] Fig. 24 is a drawing that shows one example of a master curve thus obtained. The axis of abscissas in this 
Figure represents the amount of change in strain of the surface of conductor line 1 01 , and the axis of ordinates rep- 
resents the flexure life (the number of bending processes up to disconnection). f 
[0161] Now, in Fig. 22 again, after acquiring a master curve, the sequence proceeds to step S1 02 where the greatest 
amount of change in strain A e of the center conductor line of a wire harness that is a subject for the estimation of 
flexure life is calculated. The greatest amount of change in strain A e of the center conductor line of the wire harness 
that is a subject for the estimation of flexure life is calculated through shape simulations using a computer, and based 
upon the attached state of the wire harness, the attached shape and the states of bending strain received after the 
attaching process, calculations are executed through a CAE analysis based upon finite element method. Here the 
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greatest amount of change in strain A e of the center conductor line to be calculated here is found in the same processes 
as those used when the master curve is obtained. 

[01 62] More specifically, the greatest amount of change in strain A e of the center conductor line of the wire harness 
that is a subject for the estimation of flexure life is obtained as follows: for example, first, the initial shape of a wire 
harness is virtually reproduced in a computer as a finite element model, the bending and extending states of the actual 
wire harness are simulated together with the movements (for example, door opening and closing movements, etc.) of 
a place to which it is attached, and with respect to a point having the greatest change in the curvature radius (1/R 1 - 
1/R 2 ) with respect to the center conductor line, the greatest amount of change in strain A e at this portion is found based 
upon the above-mentioned equation (3). Here, in such a computer analyzing process based upon finite element method, 
it is essential to reproduce the actual state of a wire harness in the finite element model; therefore, the bending radius 
(curvature radius) R needs to be considered by taking into consideration various physical properties such as the thick- 
ness of an insulating layer forming a coating material and bending elasticity. 

[0163] For example, the bending modulus of elasticity of a metal material of a conductor portion and the bending 
modulus of elasticity of an insulating material of a coating layer are subjected to weighting processes and averaged 
based upon the ratio of cross-sectional areas thereof, and a virtual material, which is obtained by averaging the metal 
material of the conductor portion and the insulating material of the coating layer, is assumed. Then, such a virtual 
material is formed into a line material (hereinafter, referred to as "virtual line member"), and the shape thereof is de- 
termined by assuming the radius and the bending radius of the virtual line member. 

[0164] After such a process, in the present preferred embodiment, as illustrated in Fig. 16 (in the same manner as 
the first preferred embodiment), the curvature radius R (that is, R 1t R 2 in equation (3)) is found with respect to only 
center conductor line 101 (indicated by reference number 11 in Fig. 16) of the wire harness so that the greatest amount 
of change in strain A e is obtained. In this manner, as shown in Fig. 25, in the case of a wire which is formed by twisting 
strands 102 on the periphery of center conductor line 101, the respective curvature radii (R 1f R 2 ) in extending and 
bending movements are found by taking into consideration only the single center conductor line 101 inside thereof. 
[0165] Then, by taking R 1 (bending radius of the virtual line member in the furthest bent state) and R 2 (bending radius 
of the virtual line member in the furthest extended state) shown equation (3) into consideration, the greatest amount 
of change in strain (A e in equation (3)) of center conductor line 1 01 is calculated. 

[0166] Next, by collating the greatest amount of change in strain of conductor line 101 serving as a subject for 
estimation, thus calculated, with the above-mentioned master curve (Fig. 24), the flexure life of the wire harness as a 
whole is estimated (step S1 03). As has been described, the correlation between the flexure life of a wire harness and 
the greatest amount of change in strain of its center conductor line 101 is not dependent on the shapes of the wire 
harness and center conductor line 101 . Therefore, by calculating the greatest amount of change in strain of center 
conductor line 1 01 , it becomes possible to correctly estimate its flexure life, independent of the radius of the wire. Here, 
this fact does not necessarily mean that the method of estimating the flexure life of a wire in accordance with the 
present invention is carried out without taking into consideration the radius of the wire; and in a stage where the amount 
of change in strain of the wire serving as an estimation subject is calculated in accordance with equation (3), the radius 
thereof is taken into consideration. 

[0167] With this arrangement, independent of product conditions of a wire, it is possible to accurately estimate the 
flexure life so that by reflecting the results of the estimation to designing of a wire harness, etc., it becomes possible 
to carry out desk-work examinations preliminarily, and consequently to provide optimal designing as well as to shorten 
the developing period. 

[01 68] Fig. 26 is a drawing that compares the results of the experiment with the master curve. Here, the experiments 
are carried out on various wires having conductor portions (core lines) having various diameters. As shown in Fig. 26 
the correlation between the greatest amount of change in strain of the center conductor line and the flexure life is 
formed by plotted dots shown in Fig. 26; as a result, it is confirmed that the life of the actual wire harness is virtually 
coincident with the master curve obtained based upon the bending tests using a signal line, independent of the diam- 
eters of the conductor portion. 

{Third Preferred Embodiment) 

[0169] In the above-mentioned second embodiment, as shown in Fig. 25, the explanation has been given of the 
method of estimation of flexure life with respect to a wire formed by aligning center conductor line 101 in the center of 
strands 102; and in a third preferred embodiment, as shown in Fig. 27, an explanation will be given of a method of 
estimation of flexure life with respect to a wire bundle 132 formed by bundling a plurality of wires 133, each having a 
core line (center conductor line) 131 . Here, since the method of estimation of flexure life in accordance with the present 
preferred embodiment is the same as the second preferred embodiment in its most portions, the explanation is given 
centered on portions different from the second preferred embodiment. 

[0170] First, in the case of a wire bundle 132 serving as a subject of the estimation of flexure life, a plurality of wires 
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133 are placed in parallel with each other, and in the case when these wires 133 are collectively bent as wire bundle 
132, one of the wires 133a located at the innermost position in the bending radius has the greatest change in curvature 
radius (1/R1 - 1/R2). Therefore, by selecting only the center conductor line 131 of this single wire 133a having the 
greatest change in curvature radius as a subject for the estimation of flexure life, it becomes possible to easily carry 
out the estimation of flexure life. 

[0171] First, with respect to the acquiring process of a master curve at step S101 , the completely same method as 
the second preferred embodiment is carried out. 

[0172] Next, at step S102, in the case when the subject for the estimation of flexure life is wire bundle 132 shown in 
Fig. 27, the respective core lines of all the wires 133 and bending modulus of the insulating layer are subjected to 
weighting processes and averaged based upon the respective ratios of cross-sectional areas so that a virtual material 
in which the metal material of the conductor portion and the insulating material of the insulating layer are comprehen- 
sively averaged is assumed so that the shape (bent shape and extended shape) of wire bundle 132 as a whole is 
determined. 

[01 73] In the shape of wire bundle 132 thus determined as a whole, with respect to a single wire 1 33a that is located 
on the innermost side of the curvature radius and that is expected to have the greatest change in its curvature radius 
among the core lines in wires 133 inside wire bundle 132, the change of the curvature radius R (that is, R 1 and R 2 in 
equation (3)) of only the center conductor line 131 of wire 133a is found. 

[0174] Then, this curvature radius R (that is, R 1 and R 2 in equation (3)) is substituted into equation (3) with the radius 
of center conductor line 131 of the corresponding wire 133 being set to r, so that the greatest amount of change in 
20 strain A e on the surface of center conductor line 1 31 is calculated. 

[0175] At step S1 03, the greatest amount of change in strain A e is applied to the master curve, thereby estimating 
the flexure life of the wire harness as a whole. 

[0176] Here, in the case when wires 133 inside wire bundle 132 are mutually twisted and placed, in some cases, it 
is not possible to predict which wire 1 33 has the greatest change in the curvature radius. In such a case, the estimation 
of flexure life is carried out on each of wires 133, and the flexure life of the wire 133 that has been estimated to have 
the shortest flexure life is determined as a flexure life of wire bundle 132 as a whole. 

[0177] As described above, in the present preferred embodiment, assuming a virtual single wire 11 prepared by 
modeling wire bundle 1 into a single wire, and after the shape of virtual single wire 1 1 has been determined in the same 
manner as steps S01 to S08 in the above-mentioned first preferred embodiment, any one of wires 12 that makes the 
amount of change in strain A e greatest is selected, and after the shape of the conductor portion inside thereof has 
been determined based upon the shape of virtual single wire 11 , the estimation of flexure life is then carried out on 
only the corresponding conductor portion. In this case, the diameter of the conductor portion is applied as diameter r 
in equation (3). 

[0178] With ihis arrangement, not only with respect to the flexure life of wire bundle 1 under the low temperature 
environment-but also with respect to the flexure life of wire bundle 1 under the normal temperature environment, the 
estimation of flexure life of wire bundle 1 32 is easily carried out, making it possible to reduce the load imposed on the 
computer and also to predict the flexure life correctly. 
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{Fourth Preferred Embodiment} 


[0179] The above first preferred embodiment has exemplified a case in which, when wire bundle 1 is allowed to 
penetrate the inside of grommet 2 placed in the vicinity of a hinge portion and when wire bundle 1 is extended and 
bent in response to the opening and closing operations of door 3, the flexure life of wire bundle 1 is estimated; however, 
the above-mentioned basic method is also applied to a case in which external attachments such as grommets are not 
45 taken into consideration. 

[0180] In this case, as shown in step S21 in Fig. 28 (corresponding to step S01 in Fig. 3), first, various kinds of 
parameters, such as an attaching position (clamp position) of a wire harness (in this case, wire bundle), a dimension 
of the wire harness (the diameter and length of the wire bundle) and the movement direction and the amount of move- 
ment of the terminal point of the wire bundle, are inputted. By inputting these parameters, a procedure file for forming 
an analyzing model is formed. This procedure file includes not only parameters, but also all the various command lines 
on programs for forming a three-dimensional shape. Material physical properties of the wire harness are included in 
this procedure file so that the procedure file is allowed to include all the values of the respective parameters. 
[0181] Next, at step S22, the procedure file, formed at step S21 , is executed, In this manner, the procedure file is 
executed on a predetermined three-dimensional shape forming application program so that the initial shape model of 
the wire bundle (three-dimensional shape model) is automatically formed on the three-dimensional shape forming 
application program. Then, at step S23, with respect to the initial shape of the wire bundle, the attaching position and 
attaching shape are calculated. 

[0182] At the next step S24, it is determined whether or not the calculations are normally completed. If it is not 
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completed normally, a check is made for the abnormal completion, and the procedure file (parameters and command 
lines) for a model to be calculated is revised by using an editor and an exclusively-used software program; then 
procedures from step S21 to S24 are executed repeatedly. 

[0183] Thereafter, the sequence proceeds to step S25 where the calculation results of the initial shape are read so 
as to form a calculation-use file for curvature calculations (step S26). 

[0184] This calculation-use file (door opening and closing model and contact definition) formed at step S26 is used 
for calculating the curvature at the time of opening and closing the door at step S27. With respect to numeric values 
to be outputted at this time, the curvature at each joint in the center position of the wire bundle. Such a numeric value 
(curvature) is temporarily stored in a file, and then used for calculating the amount of change in strain (as described 
earlier) at the post-process. Here, if the calculations are not completed normally, re-calculations are repeated by revising 
conditions of the calculations (for example, the number of steps, etc.)(step S28). 

[0185] Then, at step S29, the curvature of each joint calculated at step S27 and the value of the curvature at each 
step are stored as a curvature file. With respect to these values of curvature, the value at the center position of the 
wire bundle is adopted. Based upon this curvature file, the amount of change in strain used for estimating the life of 
the wire bundle is calculated in the same manner as the first preferred embodiment based upon this curvature file. 
[0186] With respect to the method for estimating the life based upon the curvature value, the same sequence as that 
explained in Fig. 1 7 is carried out. Among the values of the life obtained here, the value corresponding to the shortest 
life is retrieved, and this forms the estimated flexure life of the wire harness. 

[0187] In this manner, even in the case when no external attachments are taken into consideration, the shape of the 
wire harness (in this case, wire bundle) when it is bent is calculated by using the CAE method, and based upon the 
value of strain of the wire bundle thus obtained, the amount of change in strain is calculated, and based upon this 
value, it is possible to easily calculate the flexure life of the wire harness. Therefore, the number of bending processes 
up to disconnection of the wire harness is calculated by the CAE method, making it possible to easily predict the life 
of the wire harness on a software basis. Therefore, it becomes possible to reduce corresponding evaluation tests. 
25 [0188] Moreover, as described in the preferred embodiments, by preliminarily defining various parameters and com- 
mand lines with respect to various models by using a procedure file, the revision of the parameters in the course of 
the procedure is easily carried out. Moreover, many procedure files may be preliminarily prepared, and based upon 
these, the estimation of the life is carried out, thereby making it possible to provide a more convenient method. 
[0189] While the present invention has been described in detail, the foregoing description is in all aspects illustrative 
and not restrictive. It is understood that numerous other modifications and variations can be devised without departing 
from the scope of the present invention. 

[0190] While the invention has been shown and described in detail, the foregoing description is in all aspects illus- 
trative and not restrictive. It is therefore understood that numerous modifications and variations can be devised without 
departing from the scope of the invention. 
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Claims 


1 . A method of estimating flexure life of a wire harness in which, in the case when a wire bundle, formed by binding 
a plurality of wires each formed by coating a conductor line with an insulating layer, is allowed to pass through a 
predetermined protective tube and secured to an external structural member different from said protective tube 
the flexure life up to disconnection caused by extending and bending processes of said wire bundle caused by 
operations of said external structural member is estimated in accordance with a finite element method, comprising: 

45 an initial shape determining step of: 

using an initial shape of a center line of said wire bundle as a substitute for an initial shape of said wire 
bundle so as to be determined, using an initial shape of a virtual pipe having only a margin dimension of 
a margin space of said protective tube with respect to said wire bundle as an inner diameter as a substitute 

50 for an ' nltlal sha P e of sa 'd protective tube so as to be determined, determining an initial shape of a center 

line of said wire bundle so that the center line of said wire bundle is not limited by two end portions of the 
virtual pipe, and determining an initial shape of said external structural member; 
an extending and bending operation analyzing step of: analyzing extending and bending shapes of said 
wire bundle and said protective tube by virtually estimating operations of said external structural member 

55 so as to calculate a change in curvature of said wire bundle; 

a calculation step of an amount of change in strain for calculating an amount of change in strain of said 
wire bundle that is a subject for estimation based upon the change in curvature obtained through said 
extending and bending operation analyzing step; and 
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a collation step of: making a collation on a life estimation curve that is preliminarily set based upon said 
amount of change in strain calculated in said calculation step of an amount of change in strain so as to 
predict the flexure life of said wire bundle. 

2. The method of estimating flexure life of a wire harness according to claim 1 , wherein, in said extending and bending 
operation analyzing step, a change in curvature of a center line of the wire bundle is used as a substitute for said 
change in curvature of the wire bundle. 

3. The method of estimating flexure life of a wire harness according to claim 1 or 2, 

wherein: said life estimation curve represents correlation between the amount of change in strain and said 
number of bending processes with respect to a single wire that is obtained by actually measuring the number of 
bending processes up to disconnection by repeatedly bending said single wire with respect to a plurality of amounts 
of change in strain; and 

in said calculation step of an amount of change in strain, a virtual line member, formed by subjecting the 
respective bending modulus of elasticity of said conductor line and said insulating layer to weighting processes 
and averaging processes by using ratios of cross-sectional areas, is assumed, and on the assumption that the 
virtual line member serves as one of said wires, supposing that the bending radius is R 1 in any one of the wires 
in the furthest bent state at the position that is subjected to the greatest change in bending within an area in which 
said virtual line member is subjected to bending, that the bending radius is R 2 in the single wire in the furthest 
extended state, and that the radius of any one of wires that has the greatest difference between said value R 1 and 
said value R 2 is r, said amount of change in strain (A e) is calculated by the following equation: 

Ae = r»(1/R r 1/R 2 ) 

4. A method of estimating flexure life of a wire harness, which includes a wire having at least a center conductor line 
in the center thereof with strands twisted on the periphery of the center conductor line, and has a function for 
estimating flexure life up to disconnection of said wire due to.bending and extending processes, comprising the 
steps of: 

preliminarily obtaining a correlation between an amount of change in strain of a single wire that is made of the 
same material as said center conductor line and actual measured values of flexure life; 
calculating the greatest amount of change in strain of said center conductor line of a wire serving as a subject 
for the estimation; and 

estimating flexure life of said wire by collating said calculated greatest amount of change in strain of said center 
conductor line with said correlation. 


45 


5. A method of estimating flexure life of a wire harness, which includes a wire bundle formed by binding a plurality 
of wires, each having a central conductor line in the center thereof, and has a function for estimating flexure life 
40 up to disconnection of said wire bundle, comprising the steps of: 

preliminarily obtaining a correlation between an amount of change in strain of a single wire that is made of the 
same material as said center conductor line and actual measured values of flexure life; 
calculating the greatest amount of change in strain of said center conductor line of a single wire that is assumed 
to have the greatest change in curvature radius upon being bent among the wires within the wire bundle serving 
as a subject for the estimation; and 
estimating flexure life of said wire bundle by collating said calculated greatest amount of change in strain of 
said center conductor line of said wire with said correlation. 

50 6. The method of estimating flexure life of a wire harness according to claim 4 or 5, 

wherein, in said step of obtaining the correlation, said single wire is repeatedly bent with respect to a plurality 
of amounts of change in strain to actually measure the number of bending processes up to disconnection so as 
to obtain the correlation. 


55 7. 


The method of estimating flexure life of a wire harness according to any one of claims 4 to 6, 

wherein, in said calculation step of the greatest amount of change in strain, supposing that the center con- 
ductor line has a radius of r, that the bending radius is R 1 in said center conductor line in the furthest bent state at 
the position that is subjected to the greatest change in bending within an area in which said center conductor line 
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is subjected to bending, and that the bending radius is R 2 in said center conductor line in the furthest extended 
state, said greatest amount of change in strain (Ae) is calculated by the following equation: 

Ae = r* (l/R-j-l/Rg) 

A wire harness designing method, which is used for designing a wire harness in which a single or a plurality of 
wires, each formed by coating a conductor line with an insulating layer, are bound and placed on a desired appli- 
cation subject, comprising: 

an application subject design planning step of planning a design of said application subject as a whole; 

a wire harness design planning step of planning a design of said wire harness so as to fit to said application 

subject; and 

a flexure life estimating step of, in the case when said wire harness planned in said wire harness design 
planning step is allowed to pass through a predetermined protective tube and secured to an external structural 
member different from said protective tube, estimating flexure life up to disconnection caused by extending 
and bending processes of said wire harness in accordance with a finite element method, 
said flexure life estimating step comprising: 

an initial shape determining step of: using an initial shape of a center line of said wire harness as a sub- 
stitute for an initial shape of said wire harness so as to be determined, using an initial shape of a virtual 
pipe having only a margin dimension of a margin space of said protective tube with respect to said wire 
harness as an inner diameter as a substitute for an initial shape of said protective tube so as to be deter- 
mined, determining an initial shape of a center line of said wire harness so that the center line of said wire 
harness is not limited by two end portions of the virtual pipe, and determining an initial shape of said 
external structural member; 

an extending and bending operation analyzing step of: analyzing extending and bending shapes of said 
wire harness and said protective tube by virtually estimating operations of said external structural member 
so as to calculate a change in curvature of said wire harness; 

a calculation step of an amount of change in strain for calculating an amount of change in strain of said 
wire harness that is a subject for estimation based upon the change in curvature obtained through said 
extending and bending operation analyzing step; and 

a collation step of: making a collation on a life estimation curve that is preliminarily set based upon said 
amount of change in strain calculated in said calculation step of an amount of change in strain so as to 
predict the flexure life of said wire harness. 

A wire harness designing method, which is used for designing a wire harness in which a single or a plurality of 
wires, each formed by coating a conductor line with an insulating layer, are bound and placed on a desired appli- 
cation subject, comprising: 

an application subject design planning step of planning a design of said application subject as a whole; 

a wire harness design planning step of planning a design of said wire harness so as to fit to said application 

subject; and 

a flexure life estimating step of estimating flexure life of said wire harness planned at said wire harness design 
planning step up to disconnection caused by extending and bending processes of said wire harness in ac- 
cordance with a finite element method, 
said flexure life estimating step comprising: 

an initial shape determining step of determining an initial shape of said wire harness; 

an extending and bending operation analyzing step of: analyzing extending and bending shapes of said 

wire harness so as to calculate a change in curvature of said wire harness; 

a calculation step of an amount of change in strain for calculating an amount of change in strain of said 
wire harness that is a subject for estimation based upon the change in curvature obtained through said 
extending and bending operation analyzing step; and 

a collation step of: making a collation on a life estimation curve that is preliminarily set based upon said 
amount of change in strain calculated in said calculation step of an amount of change in strain so as to 
predict the flexure life of said wire harness. 
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10. The wire harness designing method according to claim 8 or 9, 

wherein: said application subject design planning step and said wire harness design planning step are exe- 
cuted by an application subject designing station for designing and planning said application subject and said 
flexure life estimating step is executed by a wire manufacturing station for manufacturing said wire harness or said 
5 application subject designing station. 

11. The wire harness designing method according to any one of claims 8 to 10, 

wherein in said extending and bending operation analyzing step in said flexure life estimating step said 
change in curvature of the center line of said wire bundle is used as a substitute for said change in curvature of 
*o the wire bundle. 

12. The wire harness designing method according to any one of claims 8 to 11, 

wherein: in said flexure life estimating step, said life estimation curve represents correlation between the 
amount of change in strain and said number of bending processes with respect to a single wire that is obtained 
by actually measuring the number of bending processes up to disconnection by repeatedly bending said single 
wire with respect to a plurality of amounts of change in strain; and 

in said calculation step of an amount of change in strain in said flexure life estimating step a virtual line 
member, formed by subjecting the respective bending modulus of elasticity of said conductor line and said insulating 
layer to weighting processes and averaging processes by using ratios of cross-sectional areas, is assumed and 
on the assumption that the virtual line member serves as one of said wires, supposing that the bending radius is 
R 1 in any one of the wires in the furthest bent state at the position that is subjected to the greatest change in 
bending within an area in which said virtual line member is subjected to bending, that the bending radius is FU in 
the single wire in the furthest extended state, and that the radius of any one of wires that has the greatest difference 
between said value R 1 and said value R 2 is r, said amount of change in strain (A e) is calculated by the followina 
25 equation: y 
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Ae = r»(1/R 1 -1/R 2 ) 


30 13 


The wire harness designing method according to any one of claims 8 to 12, 

wherein in said initial shape determining step of said flexure life estimating step, the initial shape of said wire 
harness is determined based upon at least the diameter of said wire harness, the diameter of said wire harness 
being calculated through a predetermined arithmetic expression based upon the number and diameters of a plu- 
rality of kinds of wires constituting the wire harness. 

14. The wire harness designing method according to claim 8, 

wherein in said initial shape determining step of said flexure life estimating step, said margin dimension is 
found by subtracting the diameter of said wire harness from the inner diameter of said protective tube, the diameter 
of said wire harness being calculated through a predetermined arithmetic expression based upon the number and 
*o diameters of a plurality of kinds of wires constituting the wire harness. 

15. The wire harness designing method according to claim 14, 
wherein supposing that the respective wires constituting said wire harness have a diameter of d that the 

number of the respective wires having the diameter d v is N v , and that a predetermined coefficient is a h the diameter 
D x of said wire harness is calculated by the following equation: 


[Equation 2] 

Do-{|; X N v )} 


1/2 


Dx- £ (a* X Do 1 ) 
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16. The program for allowing a computer to execute the respective steps within the flexure life estimating step in order 
to realize said flexure life estimating step on the computer in a wire harness designing method disclosed in any 
one of claims 8 through 15. 
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FIG. 7 
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FIG. 13 
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